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ABSTRACT 

Evidence supports the premise that maternal psycho- 
logical distress adversely affects pregnancy outcomes 
and that inflammatory markers and placentally- 
produced corticotrophin-releasing hormone (pCRH) 
are likely mediating factors. The primary aim of the 
study was to explore the associations between mater- 
nal psychological distress, use of selective serotonin 
re-uptake inhibitors, pCRH, and maternal plasma 
inflammatory markers during pregnancy. Measures 
of maternal plasma pCRH, Interleukins-1, 6, & 10, 
C-Reactive Protein, Macrophage Migration Inhibi- 
tory Factor, and Tumor Necrosis Factor-α were com- 
pleted in 100 pregnant women. Measures of depres- 
sion, anxiety, and perceived stress were completed, as 
well as collection of demographic/behavioral data, e.g. 
use of selective serotonin re-uptake inhibitors (SSRIs). 
Significant correlations were found at 14 - 20 weeks 
gestation between IL-6 & 10, and depression, anxiety, 
and perceived stress. Also at 14 - 20 weeks gestation, 
IL10 levels were significantly lower in women with 
4th quartile pCRH levels and IL1β, IL6, and IL10 
were significantly lower among women who took an 
SSRI during pregnancy. After controlling for mater- 
nal age, BMI, pCRH level, and SSRI use, psychologi- 
cal distress remained to explain variation in maternal 
inflammatory markers. These results might suggest 
that future research should focus on whether depres- 
sion and anxiety are effectively being treated during 
pregnancy, and how such a scenario might contribute 
to an immune system pathway to poor pregnancy out- 
come.  
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1. INTRODUCTION 

Significant evidence supports the premise that chronic 

psychological distress contributes to adverse pregnancy 
outcome, such as preterm birth [1-4]. Plausible explana- 
tions include interactions between stress physiology and 
the normal physiology of pregnancy and birth, in addi- 
tion to individual health behaviors and genomic makeup 
[5]. These interactions frequently involve immune me- 
diators, such as interleukins (IL) 1, 6, 10, and Tumor Ne- 
crosis Factor-alpha (TNFα), and hormonal/neurohormo- 
nal mediators, such as placental corticotrophin-releasing 
hormone (pCRH) [6-10]. While there are several reports 
of significant associations between psychological distress 
and inflammatory markers in pregnancy [11-13], or be- 
tween psychological distress and pCRH [14-17], there 
has been little focus on evaluating the relationships be- 
tween maternal use of SSRIs during pregnancy and in- 
flammatory markers or pCRH levels. In a previous study 
[18] we reported that pCRH and SSRI use during preg- 
nancy were independent predictors of preterm birth. Ad- 
ditionally, there are conflicting studies that implicate 
either depression and anxiety or use of antidepressants 
(e.g. selective serotonin re-uptake inhibitors—SSRIs) in 
association with a higher risk of preterm birth [19-21]. 
At least one study suggests that antidepressants and psy- 
chological distress during pregnancy convey an equal 
risk (20%) of preterm birth [21]. In light of these previ- 
ous findings, the current study was conducted to address 
the following aims: 1) evaluate the relationship between 
inflammatory markers and a) the use of SSRIs during 
pregnancy, b) pCRH, and c) psychological distress dur- 
ing pregnancy, and 2) determine whether psychological 
distress, SSRI, or pCRH levels are predictive of inflam- 
matory markers during pregnancy after controlling for 
maternal BMI and age. Using the data from the same co- 
hort of women from a previous study, and accessing the 
associated plasma repository in order to conduct inflam- 
matory marker assays, we aimed to further explore these 
important relationships. 

1.1. Psychological Distress Defined 

Chronic stress is a multidimensional, composite concept 
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making measurement difficult [22]. Stress appraisal, per- 
sonal history and outlook, lifestyle, coping style, and 
environmental threats (real or imagined) are only some 
of the contributors to the experience of stress. Psycho- 
logical distress has a well-documented association with, 
and is generally presumed to be a common response to 
chronic stress [23,24]. The three most commonly identi- 
fied and measured aspects of psychological distress are 
depression, anxiety, and perceived stress. Within the 
context of pregnancy, psychological distress may be a 
marker of an elevated risk for adverse perinatal outcome 
[2].  

1.2. Psychoneuroimmunology (PNI) Framework 

Figure 1 provides a PNI framework that explains the 
theoretical links between psychosocial and behavioral 
stress, psychological distress, alterations in the neurohor- 
monal and immune systems during pregnancy, and ad- 
verse pregnancy outcome. These links form the frame- 
work for the current study.  

2. METHODS 

A previously conducted prospective cohort study of 
chronic maternal stress and preterm birth resulted in a 
maternal blood sample repository for use in this study. 
For in-depth study detail readers are referred to the ori- 
ginal study reports [18]. Approval was obtained from the 
institutional review board at the University of Utah 
Health Sciences Center, which included explicit partici- 
pant consent for the use of collected blood samples in 
future studies. The current study made use of the previ- 
ously collected samples for the measurement of inflam- 

matory cytokines. Briefly, blood samples were collected 
from pregnant women at 14 - 20 weeks (T1) and 26 - 30 
weeks (T2) gestation into chilled 6-ml lavender top vac- 
uum tubes containing ethylenediaminetetraacetic acid 
(EDTA) and aprotonin (500 KIU/ml blood), centrifuged 
at 4˚C and 3000 rpm for 15 min, plasma aliquots placed 
into 0.5 ml cryotubes, and stored at −80˚C (+10˚C) until 
time of assay (<2 years). IL1β, 6, 10, TNFα, were meas- 
ured at T1 and T2. CRP and Macrophage Migration In- 
hibitory Factor (MMIF) were measured at T2. Previously 
collected data also included measures of maternal pCRH 
(measured at T1), as well as completion of a self-admi- 
nistered participant questionnaire (T1) and were avail- 
able for inclusion into the current study’s analyses. 

2.1. Participants 

Participants (n = 100) were enrolled prior to 20 weeks 
gestation from community prenatal clinics, were 18 years 
of age or older, and were excluded for any of the follow- 
ing conditions (to reduce potential influence from con- 
founding variables): Hypertension, diabetes, cardiovas- 
cular disease, immune or autoimmune disorders, threat- 
ened abortion, vaginal bleeding, or systemic corticoster- 
oid therapy. Gestational age was determined by clinical 
dating and ultrasound examination prior to 20 weeks for 
all women. Women were provided with a $10 gift cer- 
tificate to a local grocery/department store upon comple- 
tion of the study questionnaire. 

2.2. Measures of Psychological Distress 

A self-administered participant questionnaire completed 
at T1 included the Centers for Epidemiological Studies  

 

 

Figure 1. Proposed PNI model linking psycho-social stress, neurohormonal & immune mediators, and adverse pregnancy outcomes. 
HPAA: Hypothalamic-Pituitary-Adrenal Axis; ACTH: Adrenocorticotrophin Releasing Hormone; ANS: Autonomic Nervous System; 

RH: Corticotrophin Releasing Hormone. C 
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Depression scale, the Perceived Stress Scale, the Preg- 
nancy-Related Anxiety scale, and demographic/behav- 
ioral data (including tobacco, drug, and alcohol exposure, 
and use of psychotherapeutic medications during preg- 
nancy). Self-reported data were corroborated via medical 
record review, specifically those related to the use of me- 
dications (i.e. selective serotonin reuptake inhibitors). 
For further detail on the validity and reliability of these 
instruments, please refer to the original study reports (ci- 
tations).The questionnaires were completed at home, tak- 
ing approximately 45 minutes to complete, and returned 
via a pre-paid postage envelope.  

2.3. Placental CRH Measurement 

Placentally-derived CRH concentrations were measured 
by specific and highly sensitive radioimmunoassay (RIA) 
kit (Phoenix Pharmaceuticals, Burlingame, CA). Briefly, 
the CRH RIA is 100% specific for human CRH with 0% 
cross-reactivity to ACTH, luteinizing hormone, vaso- 
pressin, and urocortin. The RIA has a sensitivity of 
0.00095 ng/ml to 0.02 ng/ml and an intra and inter assay 
precision (%) of 2 - 6/8.5% - 10%, respectively. Assays 
were conducted in the Biobehavioral Laboratory, School 
of Nursing and Allied Health, at the University of Texas 
Medical Branch—Galveston. 

2.4. Inflammatory Markers 

Cytokine (IL1β, IL6, IL10, TNFα, MMIF) and CRP 
concentrations were determined using multiplex bead- 
based xMAP (Merck Millipore, Darmstadt, Germany) 
technology and the Luminex Liquichip 200 System (Qia- 
gen, Valencia, CA), also in the Biobehavioral Laboratory 
at the University of Texas Medical Branch—Galveston. 
Cytokine-specific antibody-coated beads (Millipore Cor- 
poration, Billerica, MA) were used for these experiments. 
The assay was performed in duplicate according to the 
manufacturer’s instructions. Cytokine concentrations were 
calculated by using a standard curve derived from a re- 
combinant cytokine standard. The multiplex bead assay 
is 100% specific for all analytes, with 0% cross-reacti- 
vity. The assay has a sensitivity of 3.2 - 10,000 pg/mL 
and an intra and inter assay precision (%) of 4 - 13 and 5 
- 17, respectively. 

2.5. Statistical Approach 

Bivariate analyses, parametric and non-parametric, were 
conducted to test the associations between inflammatory 
markers, pCRH, SSRI use, and psychological distress 
measures. Reverse coding for questionnaire items (i.e. in 
the CES-D and PSS) was completed prior to analyses, 
where necessary. Placental CRH displayed a bi-modal 
distribution, essentially rendering the variable into a di- 

chotomous “high” and “low” (4th quartile vs below the 
4th quartile) thus treated most usefully as a dichotomous 
variable for all analyses. 

Subsequently, multiple linear regression modeling was 
used to investigate the relationship of pCRH, SSRI usage, 
and psychological distress with individual cytokine lev- 
els. To deal with multicollinearity among the three psy- 
chological measures (CESD, PSS, PSA) we conducted a 
one-factor principal component analysis to form a single 
measure of psychological distress before loading into the 
regression models. 

3. RESULTS 

3.1. Demographic Characteristics 

The questionnaire return rate was 85%. Tables 1 and 2  
 
Table 1. Sample demographics, ethnicity & race. 

Study Demographics % of Sample (n = 100) 

Ethnicity  

Hispanic 24 

Non-Hispanic 76 

Race  

White 69 

Hispanic/Mexican 13 

African/African American 4 

Pacific Islander 4 

Multi-Racial 4 

Asian 3 

American Indian/Alaskan Native 3 

 
Table 2. Sample demographics, marital, parity, insurance. 

Study Demographics % of Sample (n = 100) 

Marital Status  

Married 64 

Living with Partner 13 

Single 21 

Divorced/Separated 2 

Parity  

Nulliparous 36 

Multiparous 64 

Health Insurance  

Private 56 

State Medicaid 33 

Uninsured/Self Pay 11 
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provide the sample demographic data (n = 100). Partici- 
pants were predominantly non-Hispanic white, married, 
and multiparous, with an average age of 25.8 (range 18 - 
40 years). Over half of the participants had an annual 
family income less than $40,000, and 62% had not com- 
pleted more than a high school education. 

3.2. Descriptive Statistics 

Descriptive statistics for psychosocial measures are pre- 
sented in Table 3, and biological measures are presented 
in Table 4.  

3.3. Correlations between Inflammatory  
Markers and Psychological Distress 

Table 5 presents the correlations between inflammatory 
markers and psychosocial/demographic measures. Nega- 
tive relationships were identified between IL1β, 6, and 
10 and measures of depression (CES-D), perceived stress 
(PSS), and pregnancy specific anxiety (PSA) at T1 (14 -  
 
Table 3. Descriptive statistics for psychological distress meas- 
ures. 

 Range Mean (SD) 

CES-D (n = 84) 0 - 49 18.5 (12.15) 

PSS (n = 84) 2 - 34 18.7 (7.84) 

PSA (n = 85) 2 - 20 10.3 (4.09) 

CES-D: Center for Epidemiologic Studies Depression Scale; PSS: Perceived 
Stress Scale; PSA: Pregnancy-Specific Anxiety. 

 
Table 4. Descriptive statistics for inflammatory markers. 

 Range Mean (SD) 

Body Mass Index (n = 79) 15.8 - 52.1 28.8 (7.01) 

Interleukin-1β (IL-1β) 
T1 (n = 98) 
T2 (n = 76) 

 
0 - 32.4 
0 - 31.0 

 
3.537 (5.702) 
2.886 (6.075) 

Interleukin-6 (IL-6) 
T1 (n = 97) 
T2 (n = 75) 

 
0 - 26.2 
0 - 22.3 

 
2.542 (4.321) 
2.415 (4.925) 

Interleukin-10 (IL-10) 
T1 (n = 97) 
T2 (n = 76) 

 
0 - 29.6 
0 - 31.8 

 
2.589 (4.847) 
3.934 (5.837) 

Tumor Necrosis Factor-α (TNFα) 
T1 (n = 98) 
T2 (n = 76) 

 
0 - 19.8 
0 - 14.6 

 
3.476 (2.370) 
3.420 (2.616) 

C Reactive Protein (CRP) 
T2 (n = 76) 

 
0 - 601,931 

 
104,095 (111,843)

Macrophage Migration  
Inhibitory Factor (MMIF) 

T2 (n = 75) 

 
 

0 - 30.99 

 
 

4.776 (5.453) 

T1: Time one (14 - 20 weeks gestation); T2: Time two (26 - 30 weeks ges- 
tation). 

20 weeks gestation), but not at T2 (26 - 28 weeks gesta- 
tion). Negative correlations were also observed between 
TNFα and PSS and PSA scores at T1, but not at T2. A 
positive correlation was demonstrated between TNFα 
and BMI at T1, as well as T2. 

As expected, CRP was also positively correlated with 
body mass Index (BMI), but no other correlations with 
CRP were demonstrated. No associations were observed 
between MMIF and any psychosocial measure at T1 or 
T2. 

The mean IL10 level was significantly lower (t = 3.67; 
df 95; p = 0.000) in women with pCRH levels in the 4th 
quartile (n = 24) at time 1 (Figure 2), but no differences 
were found at time 2 (Figure 3). For women who took 
an SSRI during pregnancy (n = 13), mean IL1β (t = 2.77; 
df 44; p = 0.008) and IL10 (t = 2.29; df 34; p = 0.029) 
levels were significantly decreased at time 1 (Figure 4), 
while mean IL1β (t = 3.35; df 73; p = 0.001) and IL6 (t = 
3.13; df 59; p = 0.003) levels were significantly de- 
creased at time two (Figure 5).  

3.4. Multiple Linear Regression Modeling 

Table 6 shows the standardized betas and p-values for 
each cytokine. For IL1β the regression model showed 
modest fit (F = 2.63, p = 0.06); psychological distress 
was the only significant predictor variable (t = 2.33, p = 
0.02). Results for IL6 were similar, overall model fit (F = 
2.70, p = 0.05) with psychological distress as the only 
significant predictor (t = 2.55, p = 0.01). The overall 
model fit for IL10 was good (F = 4.10, p = 0.01), again  
 

 

Figure 2. Differences in inflammatory cytokines at 14 - 20 
weeks gestation for women with pCRH levels in the 4th quar- 
tile (measured at 14 - 20 weeks). n = 24. Differences ex- 
pressed as a percentage of the reference group (CRH levels 
below the 4th quartile). IL = Interleukin TNFα = Tumor Necro- 
is Factor alpha ***p < 0.001; ns = non significant. s  
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Table 5. Correlations between inflammatory markers and psychological distress measures, maternal age, and body mass index. 

 CES-D PSS PSA Maternal Age Maternal BMI 

Interleukin-1β 
T1 
T2 

 
−0.235* 

NS 

 
−0.243* 

NS 

 
−0.262* 

NS 

 
NS 
NS 

 
NS 
NS 

Interleukin-6 
T1 
T2 

 
−0.257* 

NS 

 
−0.250* 

NS 

 
−0.274* 

NS 

 
NS 
NS 

 
NS 
NS 

Interleukin-10 
T1 
T2 

 
−0.272* 

NS 

 
−0.285** 

NS 

 
−0.252* 

NS 

 
NS 
NS 

 
NS 
NS 

TNF-α 
T1 
T2 

 
NS 
NS 

 
−0.219* 

NS 

 
−0.230* 

NS 

 
NS 
NS 

 
0.215* 
0.256* 

CRP 
T2 

 
NS 

 
NS 

 
NS 

 
NS 

 
0.519** 

MMIF 
T2 

 
NS 

 
NS 

 
NS 

 
NS 

 
NS 

*p < 0.05; **p < 0.01; NS: not significant; T1: 14 - 20 weeks gestation; T2: 26 - 30 weeks gestation; BMI: Body Mass Index; GA: gestational age; TNF-α: Tu- 
mor Necrosis Factor-alpha; CRP: C Reactive Protein; MMIF: Macrophage Migration Inhibitory Factor. 

 
Table 6. Results of regression modeling for measures at 14 - 20 weeks gestation. 

IL1 IL6 IL10 TNFα 

F = 2.63, p = 0.06 F = 2.70, p = 0.05 F = 4.10, p = 0.01 F = 1.60, p = 0.20 Model Fit 

Std β p value Std β p value Std β p value Std β p value 

pCRH (high/low)* 0.03 0.83 −0.02 0.88 −0.18 0.10 −0.01 0.92 

SSRI (yes/no) −0.11 0.33 −0.04 0.69 −0.08 0.47 0.03 0.78 

Psych. Distress −0.26 0.02 −0.29 0.01 −0.26 0.02 −0.25 0.04 

*High = 4th quartile; Low = below the 4th quartile; pCRH = Placentally-Produced Corticotrophin Releasing Hormone; IL = Interleukin; TNFα: Tumor Necrosis 
Factor-alpha. 

 

 
 Figure 3. Differences in inflammatory cytokines at 26 - 30 

weeks gestation for women with pCRH levels in the 4th quar- 
tile (measured at 14-20 weeks). n = 24. Differences expressed 
as a percentage of the reference group (CRH levels below the 
4th quartile). IL = Interleukin; TNFα = Tumor Necrosis Factor 
alpha; CRP: C Reactive Protein; MMIF: Macrophage Migra- 
tion Inhibitory Factor; ns = non significant. 

Figure 4. Differences in inflammatory cytokines at 14 - 20 
weeks gestation for women using SSRIs during pregnancy. n = 
13. Differences expressed as a percentage of the reference 
group (women without SSRI use during pregnancy). IL = In- 
terleukin; TNFα = Tumor Necrosis Factor alpha; *p < 0.05; ***p 
< 0.001; ns = non significant. 

 OPEN ACCESS 



G. Latendresse et al. / Open Journal of Obstetrics and Gynecology 3 (2013) 184-191 189

 

Figure 5. Differences in inflammatory cytokines at 26 - 30 
weeks gestation for women using SSRIs during pregnancy. n = 
13. Differences expressed as a percentage of the reference 
group (women without SSRI use during pregnancy). IL = In- 
terleukin; TNFα = Tumor Necrosis Factor alpha; CRP: C Reac- 
tive Protein; MMIF: Macrophage Migration Inhibitory Factor; 
**p < 0.01; ns = non significant. 
 
psychological distress was a significant predictor (t = 
2.33, p = 0.02). The model fit for TNFα was poor (F = 
1.60, p = 0.20), with psychological distress significant (t 
= 2.14, p = 0.04).  

4. DISCUSSION 

In initial univariate analyses, maternal psychological dis- 
tress, pCRH, and SSRI use all appear to be associated 
with alterations in inflammatory cytokines during preg- 
nancy, particularly at 14 - 20 weeks of gestation. How- 
ever, multiple linear regression results indicate that only 
psychological distress remains as a predictor of inflam- 
matory markers, specifically interleukins 1β, 6, 10, and 
TNFα, after controlling for maternal BMI and age. The 
study is unique in that it included consideration for SSRI 
use, as well as pCRH levels when evaluating maternal 
inflammatory markers during pregnancy. Notably, higher 
levels of psychological distress predicted lower levels of 
plasma IL-1, 6, 10, and TNFα at 14 - 20 weeks of gesta- 
tion. 

The study findings regarding IL-10 are consistent with 
another study which also reported lower levels of IL-10 
in association with maternal “stress” or “distress” [25]. 
Recall that a normal immune status during pregnancy 
includes a predominantly elevated IL10 (anti-inflamma- 
tory cytokine), and decreased levels of IL1β, IL6, and 
TNFα (pro-inflammatory cytokines) during much of the 
pregnancy [26]. The final weeks of pregnancy are marked 
with an increasingly pro-inflammatory environment, in- 
cluding increases in pro inflammatory cytokines (IL1β, 

IL6, and TNFα) and decreased anti inflammatory cyto- 
kines (i.e. IL-10), all of which interact with high levels of 
pCRH [8] to effect a normal progression towards fetal 
maturity and parturition. A reduction in IL-10 levels 
early in pregnancy could perturb the inflammatory bal- 
ance and is one plausible explanation for links between 
inflammation and poor pregnancy outcome [27]. Fur- 
thermore, perturbations earlier in pregnancy could logi- 
cally set the stage for a cascade of events that are out of 
synchrony with normal physiologic pregnancy progres- 
sion.  

Our study is incongruent with others which report ele- 
vated pro-inflammatory cytokines in relation to increased 
maternal stress or distress. Our study results indicate 
consistently decreased levels of pro inflammatory cyto- 
kines in association with measures of psychological dis- 
tress early in pregnancy, and no such associations later in 
pregnancy. This could be the result of differing study 
populations and measures of psychological stress/distress. 
For example, while our study included an extensively 
used measure for depression (CES-D) and perceived 
stress (PSS), others have used measures of “global 
stress” or identification of life events and stressors, thus 
perhaps reflecting evaluations of different latent vari- 
ables [25,28,29]. Furthermore, our study population was 
predominantly Caucasian, whereas others were predo- 
minantly Latinas [28]. There is evidence to indicate va- 
riations in inflammatory markers between ethnic/racial 
groups, for example in CRP [30]. Obese and lean women 
also demonstrate differences in inflammatory markers, 
and based on normal or complicated pregnancy [31]. Per- 
haps most importantly, most studies did not exclude par- 
ticipants with conditions that are known or suspected to 
contribute to a pro inflammatory response. We elimina- 
ted these potential confounders by excluding all women 
with hypertension, diabetes, cardiovascular disease, sys- 
temic corticosteroid therapy, immune or autoimmune 
disorders, threatened abortion, etc. 

5. SUMMARY 

Our study results are consistent with and bolster current 
evidence that psychological distress adversely alters in- 
flammatory-mediated pathways during pregnancy, thus 
perhaps contributing to poor pregnancy outcome. After 
controlling for maternal age and BMI, regression model- 
ing indicates that psychological distress (not pCRH or 
SSRI use) remains to predict variation in inflammatory 
cytokines at 14 - 20 weeks of gestation, particularly 
IL10.  

Most previous studies have focused on pro-inflam- 
matory cytokines, not anti-inflammatory, (i.e. IL10), and 
have included limited measures of maternal psychologi- 
cal distress. This study is the first to document biobe- 
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havioral predictors of alterations in inflammatory mark- 
ers in pregnant women, including the use of an SSRI, 
psychological distress, and pCRH. A reduction in IL-10 
levels suggests that a pro-inflammatory environment 
may exist in association with psychological distress, and 
contribute to pregnancy complications such as preterm 
birth.   

5.1. Study Limitations 

Given the total study sample size (n = 100) and the small 
number of women who took SSRIs (n = 13) or had 
pCRH levels in the 4th quartile (n = 24) in this study, the 
results must be interpreted with caution. Until prospec- 
tive studies are undertaken in a larger population of 
women, with consideration for SSRI dosage and thera- 
peutic levels, and using appropriate comparison groups, 
we can only speculate about the pathophysiologic mecha- 
nisms involved. Future studies would also require pre 
pregnancy, pregnancy, and post pregnancy measures to 
more fully evaluate any associations. Regardless of the 
study limitations, the study results are thought provoking. 
These results may call into question whether the current 
approaches to use of SSRIs during pregnancy could be a 
factor in dysregulation of the prenatal inflammatory mi- 
lieu and associated adverse pregnancy outcomes, such as 
preterm birth. 

5.2. Clinical Implications 

In our study, psychological distress remained to predict 
alterations in cytokines, particularly for decreased IL-10 
levels, after controlling for pCRH levels, BMI, maternal 
age, and SSRI use. A reduction in IL-10 (an anti-in- 
flammatory cytokine) levels suggests that a pro-inflam- 
matory environment may exist in association with psy- 
chological distress, and contribute to pregnancy compli- 
cations such as preterm birth. These findings might also 
suggest that pregnant women are being undertreated for 
psychological distress (i.e. depression and anxiety) dur- 
ing the prenatal period. This could be a result of the in- 
creased metabolism of SSRIs during pregnancy [32] and/ 
or because health providers and pregnant women them- 
selves are reluctant to initiate or increase SSRI dosage 
during pregnancy [33]. Undertreatment by way of sub- 
therapeutic maternal SSRI levels could be a contributor 
to ongoing psychological distress and associated in- 
creases in the maternal pro inflammatory environment. 
Indeed, we have previously reported that women who 
use SSRIs during pregnancy still score significantly 
higher on measures of perceived stress and depression 
[18]. A pro inflammatory environment despite pharma- 
cotherapeutic interventions for depression, anxiety, and 
perceived stress could provide some explanation for in- 
creased risk of adverse pregnancy outcome, but this de- 

serves further study. 
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